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© Magnetic circuit unit for loud-speaker and method of manufacturing the same. 

(57) A magnetic circuit unit for a loud-speaker is 
provided, in which an adhesion step can be 
reduced or omitted, magnetic properties can be 
improved through enhancement of magnetic 
efficiency, and a durable anti-corrosive treat- 
ment can be performed at low price, so that 
higher performance and lower cost of the 
loud-speaker can be attained. A method of man- 
ufacturing the same is also provided. A top plate 
2 has a conical, columnar, truncated conical, or 
partially spherical hollow part formed on one 
side whose inner surface is integrated with an 
anisotropic Nd-Fe-B system magnet 1 under a 
forming pressure of 100 to 200 kgf/cm2 through 
Joule heating by passing a current under com- 
pression. The forming die is cooled to a tem- 
perature below 100 °C while maintaining the 
pressure, and the compact is then taken out 
from the forming die. This integrated compact 
is adhered to an outer yoke 3, and a looped yoke 
and a loop anisotropic Nd-Fe-B system magnet 
are also adhered thereon to fabricate a mag- 
netic circuit unit Subsequently, this magnet 
circuit unit is dipped in acrylic resin emulsion, 
and a coating of 7 to 15 fx m thick is formed by 
using a rotary coating device. 
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This invention relates to a magnetic circuit unit 
and a method of manufacturing the same. In particu- 
lar, this invention relates to a magnetic circuit unit for 
a loud-speaker. 

A configuration of a conventional magnetic circuit 5 
unit for a loud-speaker is shown in FIG. 9. This mag- 
netic circuit unit for a loud-speaker comprises a top 
plate 2, a sintered magnet 7, and an outer yoke 3. The 
sintered magnet 7 is magnetized in an axial direction, 
and its magnetic flux is made to concentrate toward 10 
a magnetic pole gap 8 by the top plate 2. This type of 
loud-speaker is used for a thin portable radio, or in the 
field of movable communication for a portable tele- 
phone etc., and the demand for this loud-speaker is 
increasing rapidly. In order to attain a loud-speaker is 
which is small, light-weight, and thin, rare earth mag- 
nets are used as a magnet in a loud-speaker, and 
among these magnets, an anisotropic neodymium 
(Nd)-iron(Fe)-boron(B) system sintered magnet is 
widely used in view of performance and cost 20 

However, since the anisotropic Nd-Fe-B system 
sintered magnet is expensive, an experiment of using 
a lower amount of magnet material by sandwiching a 
magnet material with soft magnetic materials having 
high saturation magnetization has been conducted 25 
(e.g.. Laid-open Japanese patent application No. 
(Tokkai Hei) 4-255201). On the other hand, not much 
has been done to improve performance and to reduce 
cost of a magnetic circuit unit from the viewpoint of its 
structure and fabrication. Furthermore, another ex- 30 
periment has been performed to make a thinner unit 
by integrating a ring-shaped sintered magnet of which 
magnetic moments are radially aligned with a yoke 
through sintering (e.g.. Laid-open Japanese patent 
application No. (Tokkai Sho) 63-99700). 35 

In addition, since a Nd-Fe-B system magnet is apt 
to rust easily, it is indispensable to apply an anti- 
corrosive treatment, and various treating methods 
have been proposed. For example, cation electrode- 
position is an excellent anti-corrosive treatment, but 40 
the problem with this method is that the equipment 
cost for temperature control is extremely high. A wet 
anticorrosive treated film is also proposed, but there 
was no method which can accomplish a uniformly 
formed coat with satisfaction in a complicated mag- 45 
netic circuit unit. 

Furthermore, it is common in the manufacturing 
process of a loud-speaker to bond a magnet and yoke 
materials comprising a magnetic circuit unit together 
by means of an adhesive. 50 

Also, it was strongly desired in a small magnetic 
circuit unit such as the loud-speaker mentioned 
above to omit an adhesion step for improving the ac- 
curacy in the magnetic pole gap and for eradication 
of adhesion failures. This would also contribute great- 55 
ly to reduction of the cost. 

Also, there was a problem in the process of man- 
ufacturing a thinner magnetic circuit unit, namely, 

when a top plate is formed thinner than a magnet 
thickness, width of a uniform magnetic field in a mag- 
netic pole gap decreases, which results in deteriora- 
tion of tone quality of a loud-speaker. In addition to 
this problem, magnetic flux density in the magnetic 
pole gap was reduced due to an increase of leakage 
flux from an upper surface of the top plate, so that 
measures to overcome these problems were strongly 
desired. 

Furthermore, as for an anti-corrosive treatment 
of a Nd-Fe-B system magnet, a method of forming a 
uniform anti-corrosive film with excellent cost perfor- 
mance was pursued. 

It is an object of this invention to solve the above- 
mentioned problems in the conventional system by 
providing a magnetic circuit unit for a loud-speaker, in 
which an adhesion step can be reduced or omitted, 
magnetic properties can be improved through en- 
hancement of magnetic efficiency, and a durable 
anti-corrosive treatment can be performed at low 
price, so that higher performance and lower cost for 
the loud-speaker can be attained. Another object of 
this invention is to provide a method of manufacturing 
the same. 

In order to accomplish these and other objects 
and advantages, a first magnetic circuit unit for a 
loud-speaker of this invention comprises a top plate 
which is integrated with an anisotropic Nd-Fe-B sys- 
tem magnet on one side of the top plate, wherein the 
top plate has a hollow part whose inner surface is 
bonded to the anisotropic Nd-Fe-B system magnet 
through Joule heating by passing a current under 
compression, and an anticorrosive coating is formed 
on the surface of the unit 

It is preferable in the above-mentioned configur- 
ation that the hollow part of the top plate is formed in 
the shapes of cone, column, truncated cone, or partial 
sphere. 

Furthermore, it is preferable in the above- 
mentioned configuration that the anti-corrosive coat- 
ing comprises an acrylic resin anti-corrosive coating 
with a thickness of 7 to 15 jim. 

Next, a second magnetic circuit unit for a loud- 
speaker of this invention comprises a top plate which 
is integrated with an anisotropic Nd-Fe-B system 
magnet on one side of the top plate, wherein the top 
plate has a hollow part whose inner surface is bonded 
to the anisotropic Nd-Fe-B system magnet through 
Joule heating by passing a current under compres- 
sion, and a magnetic circuit unit which is bonded with 
a loop anisotropic Nd-Fe-B system magnet at a loop- 
ed yoke is disposed at the outer circumference of the 
unit, and an anti-corrosive coating is formed on the 
surface of the unit. 

It is preferable in the above-mentioned second 
configuration, in which a magnetic circuit unit is pro- 
vided with a magnetic circuit bonded with a loop ani- 
sotropic Nd-Fe-B magnet at a looped yoke in the out- 
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er circumference, that the hollow part of the top plate 
is formed in the shapes of cone, column, truncated 
cone, or partial sphere. 

Furthermore, it is preferable in the above- 
mentioned second configuration that the anti- 5 
corrosive coating comprises an acrylic resin anti- 
corrosive coating with a thickness of 7 to 15 um. 

In addition, it is preferable that a loud-speaker 
comprises a magnetic circuit unit of the above- 
mentioned first and second configurations. 10 

Next, a method of manufacturing a magnetic cir- 
cuit unit for a loud-speaker of this invention compris- 
ing a top plate which is integrated with an anisotropic 
Nd-Fe-B system magnet on one side of the top plate, 
comprises the steps of magnetically orienting the top 15 
plate disposed with a hollow part and anisotropic Nd- 
Fe-B system magnet powder inside a forming die, in- 
tegrated bonding through Joule heating by passing a 
current under compression, adhering the integrated 
compact to an outer yoke, adhering a loop anisotropic 20 
Nd-Fe-B system magnet to a looped yoke, and form- 
ing an anti-corrosive coating thereon. 

It Is preferable in the above-mentioned configur- 
ation that the step of integrated bonding through 
Joule heating by passing a current under compres- 25 
sion is performed under a forming pressure of 100 to 
200 kgf/cm2. 

Furthermore, it is preferable in the above- 
mentioned configuration that after the step of inte- 
grated bonding through Joule heating is completed, 30 
the forming die is cooled to a temperature below 
100°C while maintaining the pressure, and the inte- 
grated compact is then taken out from the forming die. 

In addition, it is preferable in the above- 
mentioned configuration that a method of forming the 35 
anti-corrosive coating comprises the steps of dipping 
in an acrylic resin emulsion, coating by means of a ro- 
tary coating device, and drying and hardening to form 
a coating with a thickness of 7 to 15 um. 

Also, it is preferable in the above-mentioned con- 40 
figuration that steps comprising adhering a loop ani- 
sotropic magnet to a looped yoke and adhering the 
loop anisotropic magnet to the outer yoke are per- 
formed after the step of adhering the integrated com- 
pact to an outer yoke and before the step of forming 45 
an anti-corrosive coating thereon. 

According to the above-mentioned configuration 
of this invention, the inner surface of the hollow part 
in the top plate and the anisotropic Nd-Fe-B system 
magnet are bonded integrally through Joule heating so 
by passing a current under compression, and the sur- 
face is covered with an anti-corrosive coating, so that 
an adhesion step can be reduced or omitted, magnet- 
ic flux density can be improved without reducing a 
width of uniform magnetic field in a magnetic pole 55 
gap, and a durable anti-corrosive treatment can be 
performed at low price, thereby attaining higher per- 
formance and lower cost for the loud-speaker. 

983 A2 4 

In the above-mentioned magnetic circuit unit for 
a loud-speaker, forming the hollow part into the 
shapes of cone, column, truncated cone, and partial 
sphere assures the bonding between the top plate 
and the anisotropic Nd-Fe-B system magnet. In addi- 
tion, magnetic flux density can be improved without 
reducing a width of uniform magnetic field in a mag- 
netic pole gap, so that a magnetic circuit unit for a 
loud-speaker can be obtained, which has a smaller 
size, higher performance and reduced cost. 

The preferable configuration in that the anti- 
corrosive coating comprises an acrylic resin anti- 
corrosive coating with a thickness of 7 to 15 u.m en- 
ables the carrying out of a durable anti-corrosive 
treatment at low price, improving performance, and 
reducing the cost of a loud-speaker. 

Next, according to the above-mentioned config- 
uration of this invention, the inner surface of the hol- 
low part in the top plate and the anisotropic Nd-Fe-B 
system magnet are bonded through Joule heating by 
passing a current under compression, the magnetic 
circuit which is bonded to a loop anisotropic Nd-Fe-B 
system magnet at a looped yoke is disposed in the cir- 
cumference, and an anti-corrosive coating is formed 
on the surface. As a result, the adhesion step can be 
reduced or omitted, deterioration of magnetic proper- 
ties due to thinner formation can be improved, and a 
durable anti-corrosive treatment can be performed at 
low price, thereby attaining a magnetic circuit unit for 
a loud-speaker which enables a thinner form, higher 
performance, and lower cost for a loud-speaker. 

In the above-mentioned configuration of a mag- 
netic circuit unit for a loud-speaker, wherein the top 
plate has a hollow part whose inner surface is bonded 
to the anisotropic Nd-Fe-B system magnet through 
Joule heating by passing a current under compres- 
sion, and a magnetic circuit which is bonded with a 
loop anisotropic Nd-Fe-B system magnet at a looped 
yoke is disposed in the outer circumference, forming 
the hollow part into the shapes of cone, column, trun- 
cated cone, and partial sphere assures the bonding 
between the top plate and the anisotropic Nd-Fe-B 
system magnet and magnetic flux density can be im- 
proved without reducing a width of uniform magnetic 
field in a magnetic pole gap. In this way, a magnetic 
circuit unit for a loud-speaker can be obtained which 
enables a smaller size, higher performance and re- 
duced cost for a loud-speaker. 

The manufacturing method of this invention com- 
prises the steps of magnetically orienting the top plate 
disposed with a hollow part and anisotropic Nd-Fe-B 
system magnet powder inside a forming die, integrat- 
ed bonding through Joule heating, and forming an 
anti-corrosive coating thereon. Thus, the adhesion 
step can be reduced or omitted, and as a result, the 
equipment cost and the manufacturing cost can be re- 
duced. In addition, magnetic efficiency can be en- 
hanced, so a magnetic circuit unit for a loud-speaker 
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which has improved magnetic performance and anti- 
corrosive property can be attained. 

Determining the formation pressure in the proc- 
ess of integrated bonding through Joule heating to be 
100 to 200 kgf/cm2 enables even stronger bonding. 5 

As mentioned above, after the step of integrated 
bonding through Joule heating by passing a current 
under compression is completed, the forming die is 
cooled to a temperature below 100°C while maintain- 
ing the pressure, and the compact is then taken out 10 
from the forming die. In this way, the bonding can be 
stabilized, and occurrence of cracks etc. can be pre- 
vented. 

The preferable method of forming an anti- 
corrosive coating comprises the steps of dipping in an 15 
acrylic resin emulsion, coating by means of a rotary 
coating device, and drying and hardening to form a 
coating with a thickness of 7 to 15 urn. As a result 
anti-corrosive coatings can be produced efficiently, 
so the equipment cost can be reduced. 20 

FIG. 1 is a cross-sectional view showing an inte- 
grated magnetic circuit unit in a f irst embodiment of 
this invention. 

FIG. 2 is a cross-sectional view showing a top 
plate having a conical hollow part which is useful in 25 
this invention. 

FIG. 3 is a cross-sectional view showing a top 
plate having a columnar hollow part which is useful in 
this invention. 

FIG. 4 is a cross-sectional view showing a top 30 
plate having a truncated conical hollow part which is 
useful in this invention. 

FIG. 5 is a cross-sectional view showing a top 
plate having a partially spherical hollow part which is 
useful in this invention. 35 

FIG. 6 is a cross-sectional view showing an inte- 
grated magnetic circuit unit covered with an anti- 
corrosive coating in a first embodiment of this inven- 
tion. 

FIG. 7 is a cross-sectional view showing a mag- 40 
netic circuit unit in a second embodiment of this inven- 
tion. 

FIG. 8 is a partial cross-sectional view schemat- 
ically showing a method of bonding through Joule 
heating by passing a current under compression. 45 

FIG. 9 is a cross-sectional view showing a con- 
ventional magnetic circuit unit for a loud-speaker. 

This invention will be described in detail by refer- 
ring to the following illustrative examples and attach- 
ed figures. The examples are not intended to limit the so 
invention in any way. 

A magnetic circuit unit for a loud-speaker of this 
invention is comprised of a Nd-Fe-B system magnet 
which is formed through Joule heating by passing a 
current under compression, a top plate having a hoi- 55 
low part which is integrated with this magnet, and an 
outer yoke or a looped yoke. In this embodiment, the 
top plate comprises a material with high permeability 

such as an electromagnetic steel plate or a silicon 
steel plate. An anisotropic Nd-Fe-B system magnet is 
used as the magnet which is formed through Joule 
heating by passing a current under compression. Ex- 
amples of the above-mentioned acrylic emulsion res- 
in include emulsions containing a resin whose mono- 
mer is selected from the group consisting of metha- 
crylate ester, ester acrylate, methacrylic acid, acrylic 
acid, or derivatives etc. thereof. Styrene and buta- 
diene etc. may be contained in this resin, and those 
containing a cross-linking initiator are used. 

The top plate and the magnet are integrated by di- 
rectly bonding the anisotropic Nd-Fe-B system mag- 
net and the top plate disposed with a hollow part 
through Joule heating. Subsequently, a uniform anti- 
corrosive coating is formed with acrylic emulsion res- 
in. The anti-corrosive coating comprising acrylic 
emulsion resin is formed by a curing reaction after 
coating. This anticorrosive coating itself of acrylic 
emulsion resin is generally well known. A magnetic 
circuit unit obtained in this way allows the reduction 
or omission of an adhesion step, and magnetic prop- 
erties are improved due to enhancement of magnetic 
efficiency, and furthermore, the anti-corrosive treat- 
ment is inexpensive and perfect, which contributes to 
higher performance and lower cost for the loud- 
speaker. 

A method of forming through Joule heating used 
in this invention is a method which is already devel- 
oped as a manufacturing method of a Nd-Fe-B sys- 
tem magnet (M. Wada and Yamashita: New method 
of making Nd-Fe-B full dense magnets. IEEE. Trans. 
Magn. MAG-26, No.5, p.2601 (1990)). This method 
will be explained now more in detail. 

This method comprises the steps of processing 
magnet powder as such through direct discharge in- 
side a forming die cavity for activation, compressing 
through pressure, raising the temperature rapidly 
through Joule heating by passing a current and allow- 
ing plastic deformation to take place by pressure, and 
attaining a complete bulk of the magnet powder when 
atoms are bonded by dispersion at their interfaces. 

A structure of the main part is shown in FIG. 8. A 
die 11 was made of non-conductive ceramics, and 
Syalon (Si-AI-O-N system) was mainly used. Electro- 
des 12.12' comprising graphite mounted with WCCo 
at edge parts 13, 13' serve also as punch. A space 
which exists between the die 11 and the electrodes 
12, 12' comprised a cavity, and magnet powder 14 
was filled into the cavity. The upper and lower elec- 
trodes 12,12' were provided with pressure from pres- 
sure rods P, P\ and via these pressure rods P, P\ the 
electrodes 12, 12' were connected to a discharge 
processing source 15 and a Joule heating source 16 
which can be switched. The die 11 and the elecrodes 
12,12' are stored inside a vacuum chamber, and the 
inside of the cavity can be vacuumed. 

According to the manufacturing method through 
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Joule heating, first, magnet powder is filled into the 
cavity, and the atmosphere is vacuumed to 10-1 to 
10-3 torr, and then, necessary compression pressure 
is provided between the electrodes 12, 12'. Subse- 
quently, a DC pulse current is passed between the 
electrodes 12, 12' in this state to perform discharge 
processing (for example, for about 40 seconds), and 
then by providing a DC constant current (e.g., electric 
current density 300A/cm2), the temperature was 
raised rapidly through Joule heating. During this heat- 
ing process, plastic deformation took place by pres- 
sure until the powder became a bulk and the deforma- 
tion process is completed. At this moment, the current 
is stopped, and upon cooling to around the room tem- 
perature, the bulk magnet is taken out from the die. 

In this invention, this method was applied to form 
a magnet for a loud-speaker, so in this case, the mag- 
net powder and the top plate were placed simultane- 
ously into the cavity to integrate the top plate and the 
magnet. 

Example 1 

FIG. 1 is a cross-sectional view showing an inte- 
grated magnetic circuit unit in a first embodiment In 
FIG. 1, reference numeral 1 represents a magnet 
which is formed through Joule heating by passing a 
current under compression; 2 represents a top plate; 
and 3 represents an outer yoke. An anisotropic Nd- 
Fe-B system magnet is used as the magnet 1 which 
is formed through Joule heating, and this magnet 1 is 
bonded to an inner surface of a hollow part formed on 
one side of the top plate 2 through Joule heating by 
passing a current under compression, thereby inte- 
grating the two parts. It is preferable to respectively 
determine a thickness of the top plate 2 to be from 0.3 
to 0.8 mm and a diameter to be from 8 to 13 mm. 

Next, shapes of the hollow part in the top plate 2 
will be explained by referring to the figures. 

FIG. 2 is a cross-sectional view showing an ex- 
ample of the top plate 2 having a conical hollow part. 
In FIG. 2, it is preferable to respectively determine the 
dimension of a hollow part A, to be from 0.8 Ao to Ao 
and a dimension of to be from 0.4 B0 to 0.5 B0. This 
shape of the hollow part is characterized in that the 
thickness in the central part of the magnet is thicker 
than in an example in which a columnar magnet is in- 
tegrated with a top plate without a hollow part. As a 
result of that, magnetic permeance in this particular 
part increases, and therefore, thermal demagnetiza- 
tion can be reduced. 

FIG. 3 is a cross-sectional view showing an ex- 
ample of the top plate 2 having a columnar hollow 
part. In FIG. 3, it is preferable to respectively deter- 
mine a dimension of a hollow part C, to be from 0.8 
C0 to 0.9 Co and a dimension of 0^ to be from 0.4 D0 

to 0.5 D0. This shape of the hollow part is character- 
ized in that this shape can attain an utmost magnet 

volume without reducing a surface area on the side 
of the top plate 2. In general, when a surface area on 
the side of a top plate is reduced, a maximum value 
of magnetic flux density in a magnetic pole gap im- 

5 proves, but the tone quality as a Soud-speaker deteri- 
orates due to a reduction of a width of uniform mag- 
netic field. As a result, this embodiment enables the 
improvement of magnetic flux density in a magnetic 
pole gap by about 10 % as compared with an example 

10    using a top plate without a hollow part. 
FIG. 4 is a cross-sectional view showing an ex- 

ample of the top plate 2 having a truncated conical 
hollow part. In FIG. 4, it is preferable to respectively 
determine a dimension of a hollow part    to be from 

15 0.8 Eo to 0.9 Eo, a dimension of E2 to be from 0.4 F_o 
to 0.5 F_o, and a dimension of Fi to be from 0.4 F0 to 
0.5 F0. This shape is characterized by combining a ta- 
per with a fiat surface part, so that a punch used for 
processing the hollow part of the top plate can be re- 

20 moved easily from workpiece, which results in a long 
life-time of punch. It goes without saying that the 
magnetic properties are of the same level as that in 
other shapes. 

FIG. 5 is a cross-sectional view showing an ex- 
25 ample of the top plate 2 having a partially spherical 

hollow part. In FIG. 5, it is preferable to determine a 
dimension of a hollow part Gt to be from 0.8 G0 to G0 

and a dimension of to be from 0.4 H0 to 0.5 H0. This 
shape is characterized by its spherical surface, which 

30 enables the easy removal of a punch and easy proc- 
essing. It goes without saying that the magnetic prop- 
erties are of the same level as that in other shapes. 

Next, a method of manufacturing a magnetic cir- 
cuit unit in this embodiment will be explained. 

35 A top plate was placed inside a forming die used 
for Joule heating by passing a current under compres- 
sion, and anisotropic neodymium-iron-boron system 
magnet powder was put into the same forming die. 
This magnet powder was manufactured by upsetting 

40 a hot-forming body made of melt spun powder of Nd- 
Fe-B system alloy and then powdering by means of a 
hydrogen decrepitation method. The magnet powder 
comprised particles having an average size of 150 
urn. 

45 Then, after the powder was pressed lightly while 
orienting in a vertical magnetic field. Joule heating by 
passing a current was conducted. The Joule heating 
was performed in an inactive gas while providing a 
pressure of 150 kgf/cm2. The temperature of the form- 

so ing die at this moment is preferably from 700 to 
750°C. Electric power to pass a current is preferably 
about 15 V and 250 A. 

When the Joule heating was completed, the form- 
ing die was cooled to 80°C while maintaining the pres- 

55    sure, and the compact was then taken out from the 
forming die. 

Subsequently, the compact was cooled to room 
temperature in dry air containing a volatile corrosion 
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inhibitor with 0.4 to 0.7 ppm concentration (e.g., the 
product of the firm KYOEISHA KAGAKU CO.. LTD. 
under the trade name of "RASMIN V-7". In this way, 
the neodymium-iron-boron system magnet which was 
bonded and integrated with the top plate was manu- s 
factured. 

An integrated product, comprising a disk-form 
magnet, for example, having a diamter of 13 mm and 
a thickness of 1.3 mm bonded integrally with a top 
plate of 13 mm in diameter and 0.8 mm thick, was 10 
manufactured according to the above-mentioned 
method and an outer yoke was adhered thereto to 
form a magnetic circuit unit. 

Furthermore, after this magnetic circuit unit was 
dipped in an acrylic emulsion (containing a starting 15 
agent) comprising styrene-ester acrylate- methacryt- 
ic acid (the product of the firm NIHON SHOKUBAI 
CO., LTD. under the trade name "PJ-50"), a uniform 
coating was formed by using a centrifugal dehydra- 
tor, which is a kind of rotary coating device, with a per- 20 
ipheral speed of 1.0 to 1.3 m/s. The coating was dried 
and then hardened to form an anti-corrosive resin 
coating 4 (FIG. 6) having a thickness of 10 |im. 

A loud-speaker was built by using the above- 
mentioned magnetic circuit unit, and after being 25 
pulse-magnetized, it was confirmed that the loud- 
speaker had a desired sound pressure and frequency 
characteristics. For example, the sound pressure was 
84 dB. Furthermore, in this magnetic circuit unit, the 
top plate and the magnet were firmly bonded togeth- 30 
er, so no damage was sustained in a dropping test 

At the bonded part of the top plate with the mag- 
net formed through Joule heating, the magnet powder 
contacting an electromagnetic steel plate of the top 
plate was pressed under compression, and in this 35 
state, a large current.was passed into this contact 
part. Since contact resistance is large, Joule heat is 
generated rapidly to heat up this contact part to a high 
temperature, so that it is anticipated that a strong 
bonding is accomplished by atoms dispersing in the 40 
magnet powder and in the electromagnetic steel 
plate. Nd-Fe-B system magnet powder is softened at 
a temperature higher than about 600°C, so that defor- 
mation takes place under the compression pressure 
to increase a contact part with the electromagnetic 45 
steel plate. The magnet powder is molded together 
along a hollow part of the top plate without a gap, and 
atomic dispersion occurring at the bonded part of the 
magnet powder attains a strong bonding, thereby 
forming a bulk magnet. An adhesive layer is not pres- so 
ent between the top plate and the magnet formed by 
Joule heating, and they are directly bonded to each 
other. As a result, magnetic resistance of a conven- 
tional adhesive layer does not interfere with a flow of 
magnetic flux, which results in an increase of magnet- 55 
ic flux density in the magnetic pole gap. 

Due to the effects of a uniform anti-corrosive 
coating, no rust was found in a humidity test, in which 

the loud-speaker was left under the conditions of 
60°C and 95 % RH for 500 hours. 

Comparative example 1 

A magnetic circuit unit was manufactured accord- 
ing to the same method described in Example 1 ex- 
cept for using a top plate which does not have a hollow 
part on one side, and an anticorrosive coating was 
formed. When this magnetic circuit unit was valued as 
a loud-speaker, it became clear that this comparative 
example had 0.5 dB lower sound pressure than that 
of Example 1. 

Comparative example 2 

A magnetic circuit unit was manufactured accord- 
ing to the same method described in Example 1 ex- 
cept for using a temperature exceeding 100°C for 
cooling a forming die while maintaining the pressure. 
As a result, cracks were formed on a face bonding the 
top plate and the magnet. 

Comparative example 3 

A magnetic circuit unit was manufactured accord- 
ing to the same method described in Example 1 ex- 
cept for determining the forming pressure during 
Joule heating by passing a current to be below 100 
kgf/cm2 and exceeding 200 kgf/cm2. As a result, when 
the forming pressure was below 100 kgf/cm2, the top 
plate and the magnet were not bonded satisfactorily, 
and when the forming pressure exceeded 200 
kgf/cm2, the coercive force of the magnet deteriorated 
by 15 % in comparison to Example 1. 

Example 2 

A second embodiment of this invention will be ex- 
plained by referring to FIG. 7. 

FIG. 7 is a cross-sectional view showing a main 
part of a magnetic circuit unit in a second embodi- 
ment In FIG. 7, 1 represents a magnet which is 
formed through Joule heating by passing a current 
under compression; 2 represents a top plate; 5 rep- 
resents a looped yoke; 6 represents a loop anisotrop- 
ic Nd-Fe-B system magnet; and 9 represents an outer 
flat yoke. An anisotropic Nd-Fe-B system magnet was 
used as the magnet 1 which is formed through Joule 
heating, and this magnet 1 is bonded integrally to an 
inner surface of a hollow part formed on one side of 
the top plate 2 through Joule heating, thereby inte- 
grating the two parts. In the outer circumference of 
the magnet 1 and the top plate 2, a magnetic circuit 
unit comprising the loop anisotropic Nd-Fe-B system 
magnet 6 bonded to the looped yoke 5 is positioned. 

It is preferable to determine the thickness of the 
top plate 2 to be from 0.3 to 0.8 mm and the diameter 
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to be from 8 to 13 mm. The thickness of the looped 
yoke 5 is preferably determined to be from 0.3 to 0.8 
mm, the outer diameter to be from 18 to 22 mm, and 
the inner diameter to be from 9 to 14 mm. The thick- 
ness of the outer flat yoke 9 is preferably determined 5 
to be from 0.3 to 0.8 mm and the diameter to be from 
18 to 22 mm. 

Next, a method of manufacturing a magnetic cir- 
cuit unit in this embodiment will be explained. 

By applying the same manufacturing method 10 
shown in Example 1, the magnet 1 and the top plate 
2 were integrated, and the loop anisotropic Nd-Fe-B 
system magnet 6 was bonded to the looped yoke 5, 
which is followed by adhering them on the outer flat 
yoke 9 in a position shown in FIG. 7. Amagnetic circuit 15 
unit was manufactured in this way, and a uniform anti- 
corrosive coating was formed thereon. 

This magnetic circuit unit was manufactured by 
using, for example, an integrated product comprising 
a columnar magnet having a diameter of 13 mm and 20 
a thickness of 1.3 mm bonded with a top plate of 13 
mm in diameter and 0.8 mm thick, and by respectively 
adhering a product comprising a loop anisotropic Nd- 
Fe-B system magnet having an outer diameter of 19 
mm, an inner diameter of 15 mm, and a thickness of 25 
1.3 mm attached to a looped yoke having an outer di- 
ameter of 18 mm, an. inner diameter of 14 mm, and a 
thickness of 0.8 mm onto an outer flat yoke formed 
with a diameter of 18 mm and a thickness of 0.8 mm. 

Then, the columnar magnet in the above- 30 
mentioned magnetic circuit unit was magnetized in an 
axial direction, and after the loop anisotropic Nd-Fe- 
B system magnet was magnetized in a reverse axial 
direction, magnetic flux density in a magnetic pole 
gap was measured. As a result, the maximum value 35 
of the magnetic flux density was 8.7 kG, which made 
clear that the magnetic flux density improved by 20 
% versus an example which does not use a loop ani- 
sotropic Nd-Fe-B system magnet. 

A magnet material used in this invention belongs 40 
to an anisotropic neodymium-iron-boron system mag- 
net. Similarly, a magnet material which contains an 
additive for the improvement of temperature charac- 
teristics, such as gallium, zirconium, hafnium, and ti- 
tanium, may be used. It is also possible to use an ani- 45 
sotropic Nd-Fe-B system magnet powder manufac- 
tured by an HDDR method (Hydrogenation - Decom- 
position - Desorption Recombination method). 

As clearly decribed in the embodiments men- 
tioned above, it was confirmed that this invention is 50 
superior to the conventional system. In other words, 
according to the conventional techniques, contrac- 
tion during sintering was so great in the manufactur- 
ing process of a sintered magnet, that it was difficult 
to obtain a small magnet with dimensional accuracy. 55 
In this case, the magnet must be ground, and the cost 
of grinding was comparatively higher than that for a 
large magnet. Therefore, as the size becomes small- 

er, the magnetic circuit unit becomes expensive even 
though the amount of magnet used is less. On the 
other hand, the magnet which is formed through Joule 
heating by passing a current under compression of 
this invention is formed through Joule heating inside 
a forming die, so that the dimensional accuracy is ex- 
cellent and grinding is no longer necessary. As a re- 
sult, it is advantageous in view of cost to use this mag- 
net for a small magnetic circuit unit. Also, a detailed 
investigation of the manufacturing conditions proves 
that an integrated bonding is impossible with an ordi- 
nary sintered magnet An adhesion only may be con- 
ducted, which is unavoidably accompanied by the 
problems of magnetic loss, adhesion failure, and a 
position gap. On the contrary, this invention enables 
an integrated bonding of a magnet with a top plate, an 
outer yoke etc. 

As mentioned above, this invention provides an 
integrated bonding of a top plate and a magnet, so 
that a top plate disposed with a hollow shape can be 
used regardless of a shape of a bonding face. In ad- 
dition, by disposing a loop anisotropic Nd-Fe-B sys- 
tem magnet in the outer circumference, magnetic 
properties can be improved. Furthermore, determin- 
ing manufacturing conditions specifically enables au- 
tomation of the steps of Joule heating and anti- 
corrosive treatment, which can contribute to a cost re- 
duction. It goes without saying that this magnetic cir- 
cuit unit is also applicable for a micromotor. 

Claims 

1. A magnetic circuit unit for a loud-speaker, com- 
prising a top plate which is integrated with an ani- 
sotropic Nd-Fe-B system magnet on one side of 
the top plate, wherein said top plate has a hollow 
part whose inner surface is bonded to the aniso- 
tropic Nd-Fe-B system magnet through Joule 
heating by passing a current under compression, 
an anti-corrosive coating being formed on the 
surface of the unit. 

2. A magnetic circuit unit for a loud-speaker, com- 
prising a top plate which is integrated with an ani- 
sotropic Nd-Fe-B system magnet on one side of 
the top plate, wherein said top plate has a hollow 
part whose inner surface is bonded to the aniso- 
tropic Nd-Fe-B system magnet through Joule 
heating by passing a current under compression, 
a magnetic circuit unit which is bonded to a loop 
anisotropic magnet at a looped yoke being dis- 
posed at the outer circumference of the unit, an 
anticorrosive coating being formed on the sur- 
face of the unit 

3. The magnetic circuit unit for a loud-speaker as 
claimed in claim 1 or 2,wherein said hollow part 
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of the top plate is formed in the shape of a cone, 
of a column, of a truncated cone, or of a partial 
sphere. 

4. The magnetic circuit unit as claimed in claim 1,2 s 
or 3, wherein the anti-corrosive coating compris- 
es an acrylic resin anti-corrosive coating with a 
thickness of 7 to 15 um. 

5. A method of manufacturing a magnetic circuit unit 10 
for a loud-speaker comprising a top plate which 
is integrated with an anisotropic Nd-Fe-B system 
magnet on one side of the top plate, comprising 
the steps of: 

magnetically orienting a top plate having a 15 
hollow part and anisotropic Nd-Fe-B system 
magnet powder inside a forming die; 

integrated bonding the top plate and the 
magnet powder through Joule heating by passing 
a current directly under compression; 20 

adhering the integrated compact to an out- 
er yoke; and 

forming an anti-corrosive coating thereon. 

6. The method of manufacturing a magnetic circuit 25 
unit for a loud-speaker as claimed in claim 5, 
wherein said step of integrated bonding through 
Joule heating by passing a current directly is per- 
formed under a forming pressure of 100 to 200 
kgf/cm2. 30 

7. The method of manufacturing a magnetic circuit 
unit for a loud-speaker as claimed in claim 5 or 6, 
wherein after the step of integrated bonding 
through Joule heating is completed, the forming 35 
die is cooled to a temperature below 100°C while 
maintaining the pressure, and the integrated 
compact is then taken out from the forming die. 

8. The method as claimed in claim 5,6 or 7, wherein 40 
the method of forming the anti-corrosive coating 
comprises the steps of dipping in an acrylic resin 
emulsion, coating by means of a rotary coating 
device, and drying and hardening to form a coat- 
ing with a thickness of 7 to 15 jim. 45 

9. The method as claimed in any one of claims 5 to 
8, wherein steps comprising adhering a loop ani- 
sotropic magnet to a looped yoke and adhering 
the loop anisotropic magnet to the outer yoke are 50 
performed after the step of adhering the integrat- 
ed compact to an outer yoke and before the step 
of forming an anti-corrosive coating thereon. 

10. A loud-speaker comprising a magnetic circuit unit 55 
as claimed in any one of claims 1 to 4. 
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(54)    Magnetic circuit unit for loud-speaker and method of manufacturing the same 

(57) A magnetic circuit unit for a loud-speaker is pro- 
vided, in which an adhesion step can be reduced or 
omitted, magnetic properties can be improved through 
enhancement of magnetic efficiency, and a durable anti- 
corrosive treatment can be performed at low price, so 
that higher performance and lower cost of the loud- 
speaker can be attained. A method of manufacturing the 
same is also provided. A top plate 2 has a conical, co- 
lumnar, truncated conical, or partially spherical hollow 
part formed on one side whose inner surface is integrat- 
ed with an anisotropic Nd-Fe-B system magnet 1 under 
a forming pressure of 100 to 200 kgf/cm2 through Joule 
heating by passing a current under compression. The 
forming die is cooled to a temperature below 100 "C 
while maintaining the pressure, and the compact is then 
taken out from the forming die. This integrated compact 
is adhered to an outer yoke 3, and a looped yoke and a 
loop anisotropic Nd-Fe-B system magnet are also ad- 
hered thereon to fabricate a magnetic circuit unit. Sub- 
sequently, this magnet circuit unit is dipped in acrylic 
resin emulsion, and a coating of 7 to 15 u. m thick is 
formed by using a rotary coating device. 
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